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* NOTICES * 

. iTPO and ZNPIT are not responsible for any 

damages caused by the use of this translation* 

- 1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The halftone mold phase shift mask blank characterized by consisting of a compound thin film 
of Zr and Si which were formed on the transparency substrate in the halftone mold phase shift blank 
which contains Si (silicon) as a component of reactive sputtering which used the target of Si (silicon) 
and Zr (zirconium) for coincidence. 

[Claim 2] The halftone mold phase shift mask blank characterized by consisting of a compound thin film 
of Zr and Si which were formed on the transparency substrate of sputtering using the mixture target of Si 
and Zr in the halftone mold phase shift mask blank which contains Si as a component. 
[Claim 3] The compound thin film of Zr and Si according to claim 1 or 2 is a halftone mold phase shift 
mask blank characterized by being at least one or more layers, and the presentation ratio (atomic%) of Zr 
and Si being 0. KZr/Si<2.0. 

[Claim 4] The manufacture approach of the halftone mold phase shift mask blank according to claim 1 
characterized by forming the compound thin film of Zr and Si on a transparency substrate by reactive 
sputtering which used the target of Si and Zr for coincidence. 

[Claim 5] The manufacture approach of the halftone mold phase shift mask blank according to claim 2 
characterized by carrying out sputtering membrane formation of the compound thin film of Zr and Si on 
a transparency substrate using the mixture target of Si and Zr. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a halftone mold phase shift photograph mask blank 
especially about the photo-mask blank for manufacturing the photo mask for an exposure imprint at the 
time of forming a pattern in the photolithography process in a semi-conductor manufacture process. 
[0002] 

[Description of the Prior Art] With detailed-izing of a semi-conductor in recent years, in case a pattern is 
imprinted on Si wafer, use of the photo mask which gave the technique which raises resolution is 
prospering. By making mutually phase contrast of the projection light which is one of the improvement 
technique in resolution of this, and penetrates the pattern which prepares the phase shift section in one 
side of adjoining opening, and adjoins it into 1 80 degrees, in case the transmitted light diffracts and 
interferes each other in a phase shift method, it weakens the optical reinforcement of the boundary 
section, and it raises the resolution of an imprint pattern as that result. 

[0003] The above phase shift methods are advocated by Levenson and others of IBM, are indicated by 
JP,62-5081 1,B by JP,58-173744,A and the principle, and are well-known. [ of the Levenson mold, a 
halftone mold, etc. ] Although the Levenson mold forms a pattern in a protection-from-light layer, phase 
inversion of the phase shift section is prepared and carried out to one side of the aperture which adjoins a 
protection-from-light pattern and definition ability and the depth of focus improve greatly, when three or 
more patterns adjoin, the part to which a phase surely becomes equal arises, and the device in a design 
etc. is needed. Moreover, it becomes possible to acquire a halftone mold, a call, and the same 
improvement effectiveness in resolution about what makes exposure light penetrate below by resist 
sensibility by the translucent protection-from-light layer without perfect protection-from-light nature, 
and reverses a phase. In this case [ especially ], it is effective in the improvement in resolution of an 
isolated pattern. What makes compounds, such as MoSi, WSi, ZrSi, and Cr, main components by current 
as a film ingredient of a halftone mold phase shift mask blank (it is called a halftone blank below) is 
proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] The halftone blank which consisted of above compounds is 
formed until now using the compound target. After combining two or more kinds of ingredients in the 
phase which produces a target, a compound target is ground further, presses again and is processed as a 
target. 

[0005] Some troubles are raised to the manufacture approach which forms membranes using the 
compound target to such the former. In forming a halftone blank using the above compound targets in 
the first place, the elementary composition ratio of a halftone blank does not become arbitration, but the 
presentation ratio receives constraint that the presentation ratio of a target is determined, for example, as 
a target in the case of forming the halftone blank which makes Zr and Si main components, the 
compound of Zr and Si should reach to an extreme - coming out — it is — as a general thing - ZrSi2 etc. 
— it will be restricted to a presentation. In this case, since the ratio (stoichiometry) of association of Si to 
Zr had become settled beforehand, it was difficult the ratio to control finely the presentation ratio of Zr 
or Si in the halftone blank after membrane formation. 

[0006] If the exposure light at the time of the pattern imprint to a wafer becomes short wavelength, such 
as an excimer laser, when it has about 5 - 15% of spectral transmittance in an exposure light field, with a 
phase shift mask, the spectral characteristic of inspection wavelength regions, such as 365nm and 
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488nm, needs to stop spectral transmittance as low as possible, in order to acquire the contrast at the 
time of inspection. Moreover, considering the drug solution resistance used at a washing process, it is 
' conventional ZrSi2. Although the halftone blank which formed membranes using the compound target 
had high resistance in the heat sulfuric acid, it is checked that some solubility is shown to the alkali- 
cleaning liquid of a KOH water solution (30wt%), and this point was also wanted to improve. 
[0007] Most was an object resulting from a membrane formation ingredient, and although many 
properties of the spectral characteristic and drug solution resistance which are required of the above- 
mentioned halftone blank had modification indispensable to amelioration from a film presentation ratio, 
with the present compound target, control of a film presentation ratio considered them, and they did not 
go to ** how, but were carried out in difficulty, were, and were problems. 

[0008] Moreover, since it is easy to produce an opening inside when press forming of the compound is 
carried out, a compound target does not have a target consistency raised. For this reason, troubles — it is 
easy to produce defects, such as a pinhole and particle, on the film after membrane formation — are also 
pointed out. 

[0009] It aims at offering the halftone blank which this invention was made in view of the above- 
mentioned trouble, and can control easily the transmission in exposure wavelength and inspection 
wavelength, and satisfies the chemical resistance of a washing process, and its manufacturing method. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem in this 
invention, in the halftone mold phase shift blank which contains Si as a component in claim 1 first, it 
considers as the halftone mold phase shift mask blank characterized by consisting of a compound thin 
film of Zr and Si which were formed on the transparency substrate of reactive sputtering which used the 
target of Si and Zr for coincidence. 

[001 1] Moreover, in claim 2, it considers as the halftone mold phase shift blank characterized by 
consisting of a compound thin film of Zr and Si which were formed on the transparency substrate of 
sputtering using the mixture target of Si and Zr in the halftone mold phase shift mask blank which 
contains Si as a component. 

[0012] Moreover, in claim 3, the compound thin film of Zr and Si according to claim 1 or 2 is at least 
one or more layers, and it considers as the halftone mold phase shift mask blank characterized by the 
presentation ratio (atomic%) of Zr and Si being 0.1<Zr/Si<2.0. 

[0013] Moreover, in claim 4, it considers as the manufacture approach of the halftone mold phase shift 
mask blank according to claim 1 characterized by carrying out sputtering membrane formation of the 
compound thin film of Zr and Si on a transparency substrate by reactive sputtering which used the target 
of Si and Zr for coincidence. 

[0014] It considers as the manufacture approach of the halftone mold phase shift mask blank according 
to claim 2 characterized by carrying out sputtering membrane formation of the compound thin film of Zr 
and Si on a transparency substrate using the mixture target of Si and Zr in claim 5 further again. 
[0015] Not to mention control of the permeability in exposure light, and a refractive index, the halftone 
mask which used the halftone blank of this invention can attain easily control of the spectral 
characteristic of stopping the spectral transmittance in an inspection wavelength region low, the 
resistance over a drug solution, etc., in order to acquire the contrast at the time of inspection. 
Furthermore, when a halftone blank is produced by the approach of this invention, the elementary 
composition ratio in the film can be controlled easily. 
[0016] 

[Embodiment of the Invention] It explains per gestalt of operation of this invention below. The halftone 
blank of this invention enables it to control the resistance over control and the drug solution of the 
permeability of the physical properties which control the elementary composition ratio in the film and 
are required of a halftone blank, for example, predetermined wavelength, and a refractive index etc. by 
devising the approach of sputtering membrane formation. 

[0017] The compound thin film of Si and Zr is specifically formed by carrying out reactive sputtering to 
coincidence using two kinds of targets, Si and Zr, it is controlling the power applied to each target at this 
time, and the elementary composition ratio of Si or Zr contained in the halftone blank after membrane 
formation is controlled. Or after mixing Si and Zr in the state of powder, using the obtained mixture 
target which carried out press forming, sputtering is carried out and the compound thin film of Si and Zr 
is formed, since [ in this case, ] Zr and Si combine the mixture target of Si and Zr and have not silicide- 
ized it — the presentation of a target — constraint — not winning popularity — the halftone blank after 
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membrane formation ~ the mixing ratio of Zr and Si of the phase of target production — it becomes 
possible to form with a rate the film which has the elementary composition ratio of arbitration. 
' [001 8] Although the above-mentioned halftone blank can attain many properties as monolayer or a 
halftone phase shift mask, it can also apply the multilayers more than two-layer. 
[0019] 

[Example] An example explains this invention to a detail below. 

[0020] Synthetic quartz glass and the membrane formation approach used DC sputtering and the RF 
sputtering method as a <example 1> transparency substrate. Membranes were formed by the source 
coincidence of two and reactive sputtering which used Zr and Si target. Since the elementary 
composition ratio of Zr and Si in the film was determined by the power impressed to a target, at this 
example, the impression power of Si target was set constant and the presentation ratio was controlled by 
changing the impression power of Zr target. Moreover, the introductory gas at the time of reactive 
sputtering is Ar and 02. The total flow was set to 30SCCM(s) using mixed gas. 
membrane formation condition: - impression power [ of Si target ]: » RF400W (immobilization) 
Impression power of Zr target: DC200,150,100W Gas used: Ar and 02 Mixed gas Total-flow 30SCCM 
(inner 02 quantity of gas flow: 2SCCM) 

[0021] The result of the spectral characteristic of the two-layer film halftone blank obtained this time is 

shown in drawing 1 (a) - (c). Drawing 1 (a) - (c) is an example of the simulation result at the time of 

forming the ZrSiO film by two-layer as a halftone phase shift blank for KrF. simulation conditions - 

with an exposure wavelength [ of KrF excimer laser ] of 248nm permeability: - 5% - about - phase 

reference: 180 It considered as whenever, considered as the upper film shown below and the two-layer 

film which combined the lower layer film, and computed by measuring the refractive index and 

extinction coefficient of the film after membrane formation. 

Upper film (translucency film) Zr/Si= DC200/RF400 (W) 

Zr/Si= DC150/RF400(W) 

Zr/Si= DC100/RF400(W) 

Introductory gas: Ar/02 =28 / 2 (SCCM) 

Lower layer film (transparency film) Zr/Si= DC200/RF400 (W) 
Introductory gas: Ar/02 =24 / 6 (SCCM) 

[0022] In the case of Zr/Si=DC200/RF400 of the above-mentioned conditions (W), in the case of ratio 
Zr/Si=0.83 of Zr and Si, and Zr/Si=DC100/RF400 (W), the elementary composition ratio of the film 
which formed membranes on the above-mentioned conditions was set to Zr/Si=0.14 when ESCA 
(Electron Spectroscopy forChemical Analysis) determined the presentation ratio (atomic%) of the 
stationary layer in the film. It is possible to control the elementary composition ratio in the film by 
controlling the power impressed to the target of Zr and Si as mentioned above, moreover, the thing for 
which Zr also raises the spectral characteristic comparatively (presentation ratio) - a long wave - it is 
possible to control the spectral transmittance in the inspection wavelength field by the side of merit. 
[0023] Resistance over the drug solution of halftone BURANKUSU obtained this time was performed 
on condition that following ** and **, and measured phase contrast reduction. The result is shown in 
Table 1. 

** H2 SQ4 CONC 70 degree-Cl hour **KOH(30wt%) 50 degree-Cl hour [0024] 





tt>tt*tt*ft(d.g) 


DC200/RF400CW) 


DC1OO/RF4O0CW) 


CDH 2 S0 4 Conc 


0.81 


2.10 


@KOH<30 wt%) 


3.93 


1.73 



[0025] About the resistance over drug solution immersion, it was checked by using this membrane 
formation approach from the result of Table 1 that it can adjust in the required range according to 
washing conditions. 

[0026] <Example 2> Also when membranes were formed using the mixture target of Zr and Si, 
membranes were formed by using a different thing from an atomic ratio when Zr and Si combine the 
mixing ratio of Zr and Si at the time of target production. Here, as a result of performing reactive 
sputtering for the target of mixture under RF400 (W), the argon quantity of gas flow 28 (SCCM), and 
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oxygen gas flow rate 2 (SCCM) conditions, the elementary composition ratio (atomic%) of Zr and Si of 
the film after membrane formation obtained the halftone blank of Zr/Si=l .3. 

[0027] Thus, according to the approach of this example, it is possible to control each power applied to 
two or more targets or to change the spectral characteristic and the resistance over a drug solution by 
changing the mixed ratio of the metal in a target beforehand. Moreover, in the case of the halftone blank 
which the same effectiveness was accepted and contained especially Si also except this example, this is 
effective, and application to what makes compounds, such as Si, Mo, W, and Ta, a subject is also 
possible for it. 
[0028] 

[Effect of the Invention] The halftone blank of this invention can give resistance to the drug solution 
which controls the spectral transmittance in exposure wavelength and an inspection wavelength region, 
and is used at a washing process. It becomes possible to obtain the film of the presentation ratio of 
arbitration by using the target of the mixture currently mixed in the condition that according to this 
approach control each power applied to two or more targets, or two or more metals have not joined 
together, and the film of the presentation ratio which was not able to be obtained in order to receive 
constraint of the atomic ratio at the time of a compound joining together can be formed in the 
conventional compound target. By the presentation ratio of the metal contained in the film as this result, 
in order to acquire the contrast at the time of inspection, control of the spectral characteristic of stopping 
the spectral transmittance in an inspection wavelength region low, and adjustment of the resistance over 
a drug solution also become possible. Moreover, in the case of a mixture target, since a consistency 
becomes high rather than a compound target, reduction can be measured also with the number of defects 
of the film after membrane formation. 

[Translation done.] 
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* NOTICES * 

JPO and INF IT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Translation done.] 
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